Fecal samples from healthy children under 2 years of age living in Berlin, Germany (205 infants), and Melbourne, Australia (184 infants), were investigated for the presence of attaching and effacing (AE) Escherichia coli (AEEC) strains by screening for eae (intimin) genes. Twenty-seven AEEC strains were isolated from 14 children (7.6%) from Melbourne and from 12 children (5.9%) from Berlin. The 27 AEEC strains were classified as enterohemorrhagic E. coli (one strain, producing Shiga toxin 1), typical enteropathogenic E. coli (EPEC) (one strain carrying an EPEC adherence factor [EAF] plasmid), and atypical EPEC (25 strains negative for Shiga toxins and EAF plasmids). The AEEC were divided into 18 different serotypes, O-nontypeable and O-rough strains. Typing of their intimin genes revealed the presence of intimin ␣ in 6 strains, intimin ␤ in 11 strains, intimin ␥ in 7 strains, intimin in 2 strains, and intimin in one strain. Analysis of HEp-2 cell adherence showed diffuse adherence or localized adherence-like patterns in 26 AEEC strains; local adherence was found only with the EAF-positive strain. Ten AEEC strains showed an AE property with the fluorescent actin staining (FAS) test. The introduction of an EAF plasmid (pMAR7) converted 11 FAS-negative AEEC strains to FAS positive and increased the FAS reaction in six FAS-positive AEEC strains, indicating that the genes needed for the AE phenotype were functional in these strains. Our finding indicates that atypical EPEC strains could play a double role as strains that naturally immunize against intimin in humans and as reservoirs for new emerging human pathogenic EPEC strains.
The ability to cause attaching and effacing (AE) lesions in cells of the intestinal mucosa was identified as an important pathogenicity factor of enteropathogenic Escherichia coli (EPEC) and enterohemorrhagic E. coli (EHEC) strains (42, 64) . The AE lesion is generated by intimate attachment of bacteria to the enterocytes, which is followed by aggregation of the cytoskeletal actin and effacement of microvilli (34) . Actin aggregation caused by AE E. coli (AEEC) strains results in a typical picture which can be visualized by a fluorescent actin staining (FAS) test which is used for detection of EPEC and EHEC (34, 35, 58) . The genes coding for the AE lesion are located on a pathogenicity island termed "locus of enterocyte effacement" (LEE) in EPEC and EHEC strains. The 34-kb core region of the LEE is highly conserved in human and animal EPEC and EHEC strains and contains polycistronic operons harboring genes for type III secretion and adhesion proteins (18, 40, 51, 68) . Intimate attachment of bacteria to the eucaryotic cell is mediated by intimin, the product of the eae gene, which is incorporated in the bacterial membrane. Intimin binds to the translocated intimin receptor (Tir), which is presented on the surface of the eucaryotic target cell (for a review, see reference 64) . The detection of the intimin gene was taken as an indicator for the presence of functional LEE genes because it was shown that the presence of the eae gene correlated well with a positive FAS assay in most EPEC and EHEC isolates (34, 35, 50) .
The characterization of the eae genes of EPEC and EHEC revealed the existence of intimin variants. At present, 10 genetic variants of the eae gene have been identified by nucleotide sequencing and are designated with letters of the Greek alphabet (1, 48, 60, 67) . Different variants of the Tir molecule have also been described (15, 33, 49) , and the different intimins and tir products are determinants of host tissue tropism and not fully functionally interchangeable between EPEC and EHEC strains (19, 38, 52) .
EPEC and EHEC were also shown to be different for their mechanism of adherence to intestinal cells (22, 42) . EPEC colonizes the small intestinal mucosa using bundle-forming pili (BFP) as the initial colonization factor. BFP are encoded by EPEC adherence factor (EAF) plasmids which are present in typical EPEC but absent in EHEC strains (42, 43) . EAF plasmids are a family of related plasmids which carry genes for BFP (bfp operon) and the perABC (bfpTVW) operon (plasmidencoded regulator) genes (23, 24, 39, 43, 46, 61) . BFP mediate localized adherence (LA) of bacteria to the host cells, and the genes of the per operon are positive regulators of plasmidencoded bfp genes and chromosomally encoded genes of the LEE, including eae (23, 24, 26, 41, 61) . Atypical EPEC strains were described as those that carry the LEE genes but are negative for EAF plasmids, BFP, and Shiga toxin production (63) . Atypical EPEC strains do not show LA but show diffuse adherence (DA) or LA-like (LAL) patterns with regard to epithelial cells, which was associated with the absence of BFP and per genes in these strains (50, 54) . Similarly, EHEC strains which colonize the large intestine are negative for BFP and do not show LA to cultured mammalian cells. (42) .
The investigation of EPEC and EHEC for their intimin types has shown that intimin ␣ is present in strains belonging to classical EPEC serotypes (O55:H6, O127:H6 and O142:H6) whereas intimins ␥, ε, and are present in classical EHEC (O103:H2, O111: NM, O145:NM and O157:[H7]), but not in classical EPEC strains. In contrast, intimin ␤ is found in both classical EPEC (O86:H34, O114:H2, and O128:H2) and EHEC (O26:[H11] and O118:H16) strains (48, 63) . Furthermore, intimins ␣, ␤, and ␥ were found to be associated with atypical EPEC strains (63) . The association of other intimin types with the different groups of EPEC strains is less known (67) .
In this work, we were interested in the frequency and in the virulence characteristics of eae-positive E. coli from children who had no symptoms of gastrointestinal illness. For this, we have investigated 482 fecal E. coli isolates from 389 infants living in the cities of Berlin, Germany, and Melbourne, Australia. The eae-positive E. coli strains from infants were investigated for their relationship to described EPEC and EHEC strains, for their eae gene (intimin) variants by genotyping, and for HEp-2 cell-adherence and the expression of LEE-associated genes by the FAS assay.
MATERIALS AND METHODS

Infants.
Fecal specimens from randomly selected infants less than 2 years old, who had not had any gastrointestinal symptoms for at least 1 week prior to the collection of the specimen and who were currently not taking any antibiotic therapy, were collected in Berlin, Germany, between 1986 and 1987 (205 infants) and Melbourne, Australia, between 1988 and 1994 (184 infants) (5) .
Isolation and characterization of E. coli from stool samples. About 1 g of feces was suspended in 10 ml of nutrient broth (Oxoid, Basingstoke, United Kingdom) and a loopful was spread onto Endo-Agar (Merck, Darmstadt, Germany) (Berlin group) or MacConkey agar (Oxoid) (Melbourne group). After overnight growth at 37°C, 10 single coliform colonies were selected, such that representatives of each type of colonial morphology were examined. The single colony isolates were characterized as E. coli on the basis of their reactions in triple-sugar-iron agar (Oxoid), motility-indole-ornithine medium (Oxoid), o-nitrophenyl-␤-D-galactopyranoside (Oxoid), and urease broth (Oxoid). Strains which conformed to being E. coli were stored frozen in 45% glycerol at Ϫ70°C.
Serotype identification. The E. coli strains were O-antigen and H-antigen serotyped using previously described methods (6, 47) . Nonmotile strains were investigated for their H types by PCR amplification of fliC genes as described previously (37) , and this was followed by restriction enzyme digestion of PCR products with HhaI and evaluation of restriction fragment length polymorphism patterns. Reference strains for H types H1 to H56 (47) were used as standard controls.
Detection of eae genes and of EAF plasmid-and bfpA-specific DNA sequences. eae genes were detected by dot blot DNA hybridization as described previously (28) . The 881-bp eae-specific DNA probe was derived from the STEC O157:H Ϫ strain E32511 (57) using the universal eae primers SK1 (5Ј CCC GAA TTC GGC ACA AGC ATA AGC 3Ј) and SK2 (5Ј CCC GGA TCC GTC TCG CCA GTA TTC G 3Ј) (48) . The 397-bp EAF plasmid-specific gene probe used for DNA hybridization of Southern blotted plasmid DNA was derived by PCR from the E. coli K-12 strain MG1655 carrying the EAF plasmid pMAR7 (21) . Labeling of the gene probes with digoxigenin-11-dUTP (Roche Diagnostics, Mannheim, Germany) and dot blot hybridization was performed as described previously (32) . EAF plasmid-specific sequences were detected by PCR (21) as well as BFP (bfpA)-specific genes (27) .
Subtyping of eae genes. Typing of intimin genes into eae ␣, ␤, ␥, and ε was performed by PCR using primer SK1 in combination with primers LP2 to LP5. Further subtyping of intimin genes was done by restriction fragment length polymorphism analysis of PstI-digested PCR products as described previously (48) . PCRs for detection of new intimin variants and were developed on the basis of published nucleotide sequences (intimin , accession no. AJ298279 and AJ271407; and intimin , accession no. AJ308550) (67) . Primers SK1 and LP6B (5Ј TAG TTG TAC TCC CCT TAT CC 3Ј) were used to amplify a 2,430-bp intimin--specific product, and SK1 and LP8 (5Ј TAG ATG ACG GTA AGC GAC 3Ј) were taken for amplification of the intimin product (2,590 bp) (67) . The PCR conditions were as follows: for intimin , 30 cycles of 94°C for 30 s, 52°C for 60 s, and 72°C for 120 s; for intimin , 30 cycles of 94°C for 30 s, 52°C for 60 s, and 72°C for 150 s. The reference strains used for identification of different intimin variants are listed elsewhere (67) .
Detection of Stx1 and Stx2. All E. coli isolates were investigated for cytotoxicity in the VERO cell toxicity assay; strains positive by this assay were examined for the production of Shiga toxin 1 (Stx1) and Stx2 with the VTEC-RPLA test (reverse passive latex agglutination test for detection of verocytotoxins VT1 and VT2; Denka-Seiken, Tokyo, Japan) as described previously (10) . E. coli K-12 strains C600(H19) and C600(933W) were used as reference strains for Stx1 and Stx2 (8) .
HEp-2 cell adhesion test. The HEp-2 cell adhesion test was performed as described previously (8) . Bacteria were allowed to absorb for 3 h or, alternatively, for 6 h before the cells were washed with phosphate-buffered saline (PBS), fixed with 70% methanol, and stained with 10% Giemsa (Merck). Adhesion tests were performed in the presence and absence of D-mannose (1%, wt/vol) in the growth medium (45) . The following E. coli strains served as positive controls for different adhesion types: E. coli strains E20513 (O111:H2 eae ϩ eaf ϩ LA ϩ ) (9), DH5␣ (pSSS1) for DA (11) , and 17-2 for enteroaggregative adherence (3). Strains E20518 (O128:H2, lacking eae and eaf) and HS served as negative controls for LA, DA, and enteroaggregative adherence, respectively (9) .
FAS test. The FAS test (34) was performed on HeLa cells seeded at 3 ϫ 10 4
per well on eight-well chamber slides (Falcon, Becton Dickinson, Le Pont De Claix, France) and infected with EPEC strains cultivated overnight in Luria broth. The EPEC strains were inoculated at a multiplicity of infection of 100 on the HeLa cells incubated in Dulbecco's modified Eagle's medium (Gibco-Invitrogen Corporation, Karlsruhe, Germany) buffered with 25 mM HEPES (Gibco-Invitrogen) and supplemented with 5% fetal calf serum (Gibco-Invitrogen) and 1% D-mannose. After 4 to 5 h of interaction at 37°C in 5% CO 2 , monolayers were washed five times in PBS, fixed in 3% paraformaldehyde in PBS, and permeabilized for 5 min in 0.25% Triton in PBS. Then, the cells were stained with rhodamine phalloidin (Molecular Probes Europe, Leiden, The Netherlands) and 4Ј,6-diamidino-2-phenylindole dihydrochloride (DAPI) (Molecular Probes Europe) to visualize F-actin accumulation at adhesion sites and adhering bacteria, respectively. Cells were examined by fluorescence microscopy with a DMRB light microscope (Leica Microsystems AG, Wetzlar, Germany). E. coli strain E2348/69 (O127:H6, eae ϩ eaf ϩ LA ϩ ) served as a positive control for the FAS test (31) .
Conjugational transfer of EAF plasmid pMAR7, analysis of plasmid patterns, and detection of the pMAR7 plasmid by DNA hybridization with an EAF plasmid-specific gene probe. The ampicillin transposon Tn801-tagged plasmid pMAR7 is a derivate of EAF plasmid pMAR2 from EPEC O127:H6 strain E2348/69 (2, 43). pMAR7 was transferred from its E. coli host strain HB101 (Lac Ϫ ) by conjugation into the ampicillin-sensitive, Lac ϩ AEEC strains from infants and into the E. coli K-12 strain MG1655 (Lac ϩ Amp s ). Selection of transconjugants was made on minimal (M9 medium) agar plates supplemented with 0.2% lactose, 0.5% Casamino Acids (Difco), and ampicillin (25 g/ml; Serva, Heidelberg, Germany). Transconjugant colonies were purified and tested for the presence of pMAR7 by EAF-and bfpA-specific PCR as described.
Plasmid DNA of AEEC and pMAR7-carrying derivatives was prepared with the Qiagen (Hilden, Germany) plasmid kit according to the instructions of the supplier. Plasmid DNA was separated on 0.7% agarose gels and Southern blotted as previously described (7) . The Southern blot was hybridized with a digoxigenin-labeled EAF probe which was the EAF-specific PCR amplification product (21) from E. coli K-12 carrying plasmid pMAR7. HindIII digestion of plasmid DNA was performed according to the instructions of the supplier (Invitrogen GmbH, Karlsruhe, Germany).
RESULTS
Frequency and characterization of eae-positive E. coli (AEEC) from healthy infants. A total of 482 E. coli strains were isolated from children in Berlin (205 infants and 264 strains) and Melbourne (184 infants and 218 strains). The 482 strains were examined for eae-specific gene sequences by dot blot DNA hybridization with the eae-specific gene probe (Materials and Methods). The presence of the eae gene in the probe-positive strains was confirmed by PCR using the universal eae-specific primers SK1 and SK2 (48) . Fourteen (7.6%) of the Melbourne infants and 12 (5.9%) of the Berlin infants excreted AEEC. A total of 27 eae-positive strains from 26 children (12 girls and 14 boys) were isolated, and two serologically different AEEC (KK122/1 and KK122/9) were isolated from a stool sample of a 19-month-old boy from Berlin ( Characterization of intimin genes and intimin subtypes. Twenty-four of the 27 AEEC strains could be subtyped for their intimin genes by PCR and PstI restriction analysis of PCR products using primer SK1 in combination with primers LP2 to LP5 as described elsewhere (48) . Three strains from infants (F91/0799-1, LTEC94460, and KK122/1) gave no product with these primer combinations although they were positive for eae by DNA hybridization and by PCR with universal eae primers SK1 and SK2. These strains could be characterized as carriers of the new variants intimin (F91/0799-1 and LTEC94460, both serotype O156:H1) and intimin (KK122/1, serotype O2:H49) ( Table 1 ) using an extended PCR protocol for detection of intimin variants (67) . Five intimin types, namely, ␣ (6 strains), ␤ (11 strains), ␥ (7 strains), (2 strains), and (one strain), were detected among the 27 AEEC strains, and none of the strains was positive for intimin types ε, , or (48, 67) .
Construction of EAF plasmid-carrying AEEC derivative strains and analysis of plasmid patterns. Since 26 of the 27 AEEC strains from infants were negative for an EAF plasmid and for the bfpA gene, we became interested in whether these strains could serve as hosts for the EAF plasmid pMAR7. Therefore, pMAR7 was introduced in the strains by conjugation, and 22 of the 27 AEEC strains yielded ampicillin-resistant transconjugants which stably inherited pMAR7 and tested positive by the bfpA and EAF-specific PCR ( Table 1 ). The presence of pMAR7 in the transconjugant strains was shown by DNA hybridization of Southern blotted plasmid DNA with the EAF probe and by comparison of HindIII restriction patterns of plasmid DNA from parental AEEC and pMAR7-carrying derivative strains ( Fig. 1 and 2, data not shown) . Figure 1A shows a 0.7% agarose gel with separated plasmid DNA of representative AEEC strains and their pMAR7-carrying derivatives. A Southern blot of the gel shown in Fig. 1A was hybridized with the EAF probe under conditions of high stringency (Fig. 1B) . The EAF probe hybridized only with plasmid DNA obtained from the pMAR7-carrying AEEC strains (Fig.  1B, lanes 1, 4, 6, 8, 10, 12, 14, and 15) . Plasmid DNA preparations of some pMAR7-carrying strains yielded two hybridization signals with the EAF probe, one at the position of pMAR7 and one above it (Fig. 1, lanes 6, 8, and 14) . This could be due to multimeric forms of the plasmids, which can be obtained with some strains using the Qiagen plasmid preparation kit (Qiagen plasmid purification handbook, September 2000). For further analysis of the plasmids present in AEEC and their pMAR7 derivatives we have digested these with HindIII and have compared their restriction fragment patterns on 0.7% agarose gels (Fig. 2) . By this, pMAR7 characteristic 
ϩ , results obtained with pMAR7-carrying AEEC strains. b Strains for which an H type is indicated in brackets were either nonmotile (NM) or rough for their H antigen. The H type of these strains was detected by the RFLP typing of HhaI-digested amplified fliC genes as described previously (37) .
c Adherence patterns of AEEC to HEp-2 cells in the presence of 1% Dmannose. Interpretation of patterns was performed as described previously (55, 63) . Abbreviations: DA, diffuse adherence; LA, localized adherence; LAL, localized adherence like; (DA) and (LA), weak adherence (Յ10% of cells carried adhering bacteria)
d Interpretation of FAS test results: ϩϩϩ, FAS positive reaction similar to that of the control strains E2348/69 (50 to 100% of adhering bacteria induced FAS response); ϩϩ, FAS positive (10 to 50% of adhering bacteria produced a FAS reaction); ϩ, FAS positive (5 to 10% of adhering bacteria produced a FAS reaction); ϩ/Ϫ, less than 5% of adhering bacteria caused a FAS-positive reaction; Ϫ, FAS negative or diffuse accumulation of actin.
e ND, pMAR7 could not be introduced in these strains. f Positive for Stx1. g Intimin ␤2 is a synonym for intimin ␦ (1, 48). h Strains KK122/9 and KK122/1 were isolated from the same child. i Positive for EAF-, and bfpA-specific DNA sequences. j E. coli strains whose designations begin with KK were isolated from children in Berlin; all others were from Melbourne infants.
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on October 1, 2017 by guest http://iai.asm.org/ restriction fragment patterns could be observed in all AEEC pMAR7 transconjugant strains (Fig. 2, lanes 2, 4, 6 , and data not shown). In some strains the introduction of pMAR7 resulted in a loss of a resident plasmid which was present in the parental strain. Loss of plasmids was indicated by the absence of several HindIII restriction fragments in the pMAR7 derivative strain compared to the respective parental strain (Fig. 2 , lanes 3, 4, 5, and 6). In contrast to plasmid DNA, chromosomal DNA yielded an indistinctive pattern when digested with HindIII, indicating that pMAR7 was present as an autonomous plasmid in the transconjugant E. coli K-12 and AEEC strains (Fig. 2, lane 1) . All 22 transconjugant strains with pMAR7 were compared with the parental AEEC strains for HEp-2 cell adherence and in the FAS test (see below). Adherence of AEEC to HEp-2 cells. All AEEC strains were investigated for their adherence to cultivated HEp-2 cells (Table 1). The adherence patterns were recorded as described previously (55, 63) . Only the EAF-positive strain KK77/1 showed LA, whereas 16 strains showed DA, and 10 strains showed an LAL pattern. Six of the DA strains adhered only poorly (Ͻ10% of cells with adhering bacteria) to HEp-2 cells. Introduction of pMAR7 in the AEEC strains enhanced their adherence property and caused a change in the adherence pattern from DA or LAL to LA in 18 AEEC strains. Only three strains (LTEC94242, KK125/5, and LT94262) and the E. coli K-12 strain MG1655 (eae negative) were neither converted to an LA phenotype nor improved for their HEp-2 cell adherence by pMAR7 ( Table 1 ). The LA profile of the strain KK77/1 was not changed after uptake of pMAR7. None of the 27 AEEC strains showed an enteroaggregative adherence pattern.
The adherence patterns of the AEEC strains were not altered by the presence or absence of D-mannose in the HEp-2 cell adherence assay medium. However, with some AEEC strains, fewer adhering bacteria and fewer HEp-2 cells with attached bacteria were found when 1% D-mannose was present in the test medium.
FAS response with AEEC from infants. The 27 AEEC strains were investigated for their AE phenotype by the FAS (34, 35) . Accumulation of actin under the bacteria was observed with 10 AEEC strains; 7 of these were weakly FAS positive (Յ10% of adhering bacteria produced FAS), and only 3 strains (KK77/1, KK72/5, and F88/6846-2) showed a strong FAS response (10 to 100% of adhering bacteria were FAS positive), which was comparable to the positive control strain E2348/69 (Table 1 ). All other AEEC strains were clearly FAS negative. By introduction of pMAR7, 17 of the AEEC strains became FAS positive or showed a stronger FAS response than the parental strains. Nine pMAR7 ϩ transconjugant strains showed a FAS reaction comparable to that of the FAS-positive control strain E2348/69 (Table 1) . Five AEEC (pMAR7 ϩ ) strains showed a weak positive (KK125/5 and KK130/1) or negative (F88/6765-2, LTEC94262, and F91/1429-2) FAS response (Table 1). Among the five strains, two, LTEC94262 and KK125/5, were adhered poorly to HEp-2 cells and did not show an LA phenotype even when carrying pMAR7.
By comparing the FAS reactions of strains with different intimin types we found that all six AEEC strains with intimin ␣ were FAS negative (n ϭ 5) or only weakly FAS positive (n ϭ 1). The introduction of pMAR7 did not result in an increase of the FAS reaction with these strains (Table 1 ). In contrast, the FAS positivity of 11 out of 18 strains carrying either intimin ␤, ␥, , or were significantly enhanced (10 to 100% of adhering bacteria produced FAS) when these strains were carrying pMAR7.
DISCUSSION
E. coli strains encoding intimin and other functions needed for the AE phenotype (AEEC strains) were found to be heterogeneous according to their virulence markers and human pathogenicity. Two subgroups of AEEC, called EPEC and EHEC, are recognized as important human pathogens causing diarrhea (EPEC and EHEC) and hemolytic-uremic syndrome (EHEC). Typical EPEC strains harbor an EAF plasmid which encodes functions needed for intestinal colonization and expression of the AE phenotype, whereas EHEC strains are characterized by production of Shiga toxins (42, 63) . A third group of AEEC strains, called atypical EPEC strains, is formed by strains which harbor the LEE but which are negative for production of Stx and the EAF plasmid (42, 63) . Atypical EPEC strains were isolated from feces of healthy and diarrheic humans, but in contrast to typical EPEC or EHEC, their role as pathogens is less clear (20, 25, 36, 42, 56) .
In this work, we were interested in the occurrence and properties of AEEC strains in fecal samples from children without enteric disease in developed countries of the Northern and Southern Hemispheres. AEEC strains were isolated at similar rates from Berlin (5.9%) and Melbourne (7.6%) infants, indicating that these strains are naturally occurring in the stool flora of healthy children in different parts of the world (20, 25, 36) . Only 1 of the 27 AEEC isolates from healthy children was identified as EHEC (F88-6846-2 Stx1 ϩ ), and a second AEEC strain (KK77/1) carried an EAF plasmid. The remaining 25 AEEC strains were negative for Stx, bfpA, and EAF and were thus classified as atypical EPEC (42, 63) .
Only three of the atypical EPEC strains from children (KK111/1, F89/8490-2, and F88/6765-2) belonged to serotypes (O26:H11, O119:H2, and O125:H6) which are frequently associated with diarrhea in infants (63) . The other 22 atypical EPEC strains from healthy children belonged either to serotypes which were rarely (O15:H2, O39:NM,O63:H6, and O156: H8) or not associated with diarrheal disease (12, 29, 65, 66) . In order to obtain more information on the potential virulence properties of these AEEC strains for infants, we have investigated the HEp-2 cell adherence and the AE phenotype by the FAS assay. LA to HEp-2 cells was only found with EAFpositive AEEC strain KK77/1. All other AEEC strains from children showed DA or LAL adherence patterns, which is commonly found with atypical EPEC strains (55, 63) . The number of bacteria adhering to HEp-2 cells was lower with some AEEC strains when D-mannose was present in the assay medium. This could indicate that type 1 pili play a role in adherence of these strains but also points to catabolite repression of adhesion, as was described for some EHEC strains (45) .
When tested for the AE phenotype, only 3 of the 27 AEEC strains showed a FAS response which was similar to that of the FAS-positive control strain E2348/69. These three strains were KK77/1 (typical EPEC), F88-6846-2 (EHEC), and 1 of the 25 atypical EPEC strains (KK72/5). The remaining atypical EPEC strains were either FAS negative or gave only a weak FASpositive reaction (Table 1) . In order to investigate if the weak or negative FAS reaction found in these strains was due to poor adherence to eukaryotic cells or a defect in the genes needed for the AE phenotype, we have introduced the EAF plasmid pMAR7 into the AEEC strains. This plasmid carries functions promoting both colonization (bfp operon) and AE property (per/bfpTVW) of the strains (17, 26, 41) . The introduction of pMAR7 had a positive effect on HEp-2 cell adherence for most of the AEEC strains and converted 11 FASnegative AEEC strains to FAS positive and increased the FAS reaction of six FAS-positive AEEC strains. These results show that the genes required for the AE phenotype are functional in these 17 atypical EPEC strains and that the weak or negative FAS response of the wild-type AEEC strains could be due to weak adhesion and/or weak expression of the LEE-encoded genes which is compensated by the functions encoded by pMAR7 (Table 1 ). In contrast to that, five atypical EPEC strains showed different responses when carrying pMAR7. Two of these (LTEC94242 and KK125/5) were not converted to LA but showed an improved FAS response, whereas two other strains (F88-6765-2 and F91/1429-2) became LA positive but remained FAS negative. The strain LTEC94262 remained negative for both the FAS reaction and LA. These results indicate that functions needed for colonization (LTEC94242, KK125/5 and LTEC94262) and upregulation of LEE genes (F88-6765-2, F91-1429-2, and LTEC94262) are not well expressed in these strains. A number of chromosomal genes encoding functions involved in adherence of EPEC and EHEC and in regulation of LEE gene expression were recently described (13, 44, 59, 62) . These include the product of the efa1 gene, which contributes to an adhesive phenotype in EHEC (44) , and the trcA product, which is needed for the assembly of BFP and EPEC colonization (62) . efa1 and trcA genes are genetically not linked to the LEE, although the presence of these genes was found to be closely associated with E. coli strains carrying LEE genes such as EPEC and EHEC (44, 62 (59) . Furthermore, it is also possible that the FAS-negative strains F88/6765-2, F91/1429-2, and LTEC94262 are defective in the LEE genes required for production of the AE lesion or in the ler gene product which antagonizes H-NS-dependent repression of LEE genes (13) . It was also shown that E. coli carrying the LEE can lack some of the LEE genes, which results in an AE-negative phenotype (53) . Further work is needed to explore the basis of the LA-and FAS-negative phenotype found in some AEEC strains from our study.
Five of the 27 AEEC strains (KK79/1, KK189/3, F88/6846-2, KK141/10, and KK94/7) did not yield Amp r transconjugant colonies after repeated matings with the donor strain HB101 (pMAR7 ϩ ). We do not know if this is due to incompatibility between pMAR7 and resident plasmids present in these strains or to other factors affecting the entry or replication of pMAR7 in the AEEC recipients. Most of the AEEC strains from children were found to carry large plasmids, and in some strains the resident plasmids became lost when selection was made for pMAR7 ( Fig. 2 and data not shown) . The role of the resident plasmids of the AEEC strains is not known but it appears possible that some of these share incompatibility with EAF plasmids and present therefore a natural barrier against incoming IncF plasmids such pMAR7 and other plasmids of the EAF family (39, 42, 61) .
Subtyping of the eae genes present in the 27 AEEC strains from infants revealed that 24 of these carried either intimin ␣, ␤, or ␥. These three intimin variants are most frequent in EPEC and EHEC strains which were isolated from human patients (1, 48, 67) . Three of the atypical EPEC strains (F91/ 0799-1, LTEC94460, and KK122/1) showed the new described intimin types and . These intimin variants were associated with a few serotypes of E. coli which do not belong to typical EPEC or EHEC groups (67) . These new intimin variants were found to be functionally expressed in their host, since all three strains with the new intimin variants became FAS positive when carrying pMAR7.
Apart from our study, AEEC strains have been isolated at a similar rate from healthy infants in France (6.5%) (20) , Brazil (7.7%) (25) , and Chile (36) . Most of the strains from these studies were negative for the EAF plasmid and for Stx, suggesting atypical EPEC. It is not clear if these isolates represent human pathogens since they were not investigated for expression of LEE genes and for their AE phenotype in the FAS assay (20, 25) .
Among human patients, children younger than 2 years of age are primarily affected by EPEC infections (42) . All children investigated in our study belonged to this age-related risk group. In order to determine the pathogenic potential of their AEEC isolates, we have investigated the strains for their AE phenotype by the FAS assay. Our findings indicate that most of the AEEC strains from these infants either do not or only weakly express an AE phenotype which could explain why these strains did not cause diarrheal disease. However, most of the AEEC strains from healthy infants were not affected in the function of LEE-associated genes because they became clearly AE positive after uptake of pMAR7. It has been reported that the degree of actin aggregation is lower with AEEC strains adhering in a diffuse manner to eukaryotic cells (4, 14) . Therefore, the weak expression of the AE phenotype in the AEEC wild-type strains might be related to their adhesion properties. A similar observation was made in another study showing that the introduction of a plasmid encoding the F1845 adhesin improved both the adhesion and FAS reaction in FAS-negative and poorly adhering AEEC strains (14) .
It is possible that atypical AEEC strains which are not or are only weakly FAS positive play a role as natural immunizing strains to intimin and other proteins encoded by the LEE which induce antibody production in infected humans (30, 42) . On the other hand, our finding that the EAF plasmid could be introduced and that its virulence functions were expressed in most of the atypical AEEC strains points also to their role as a reservoir for new emerging human pathogenic EPEC strains. Further studies are needed to explore the reservoir of atypical AEEC in humans and animals, their relationship to known pathogenic EPEC and EHEC strains, and their role for the host as part of the microecology of the human intestinal tract.
